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ABSTRACT 
 
Some broadband radiation methods are developed to retrieve aerosol optical depth, imaginary part 
of its refractive index, aerosol single scatter albedo and its meteorological extinction coefficient profile. 
These methods include: 
1. Broadband extinction method (Qiu: J. Atmos. Sci., 1998; Qiu: Tellus, 2001; Qiu: J. Appl. Meteo., 
2003) to retrieve aerosol optical depth from pyrheliometer data; 
2. Broadband diffuse solar radiation method (Qiu et al.: Tellus, 2004) to retrieve the aerosol 
imaginary part and single scatter albedo. In the method, the solar diffuse radiation is determined 
from joint pyrheliometer and pyranometer data in order to avoid paranometer shading ring effect.  
3. Method to derive so-called scaling height of tropospheric aerosol and its meteorological 
(yearly/seasonally/monthly mean) extinction efficient profile, using joint aerosol optical depth and 
surface visibility (Qiu et al.: Journal of Aerosol Science, in press). The scaling height is defined 
using an assumption of exponent-type aerosol extinction coefficient profile. The scaling height 
and exponent-type extinction coefficient profile are determined from ground-measured aerosol 
optical depth and surface visibility data. 
These methods are used to retrieve aerosol optical depths, aerosol imaginary part (AIP) and its 
single scatter albedo (SSA), and aerosol extinction coefficient profiles over 14 sites in China. These 
sites locate over 14 cities of Urumqi, Geermu, Harbin, Shengyang, Beijing, Zhengzhou, Kunming, 
Shanghai, Wuhan, Guangzhou, Lanzou, Ejinaqi, Lhasa and Sanya, which cover most areas in China. 
Yearly/seasonally/monthly mean characteristics of these optical parameters are emphatically analyzed.  
Some main results and conclusions are as follows: 
(1) Variation Trend of aerosol optical depths  
During 1980-1993, aerosol optical depths have increasing trends for all sites. But after 1994 and 
for such sites as Beijing, Harbin and Lanzhou, the depths have decreasing trends.  
(2) Asian sand-dust event effects  
Over most areas in China, sand-dust events mainly originated from Inner Mongolia and Xinjiang 
deserts are an important aerosol pollution source. It is found from the monthly-averaged AODs that 
the AODs in the spring are larger for most cities, especially in northern China. 
(3) Characteristics of aerosol imaginary part and its single scatter albedo   
The total yearly-mean AIPs during 1993-2001 change from 0.0207 to 0.0301 for 6 cities in 
Northern China, and the corresponding single scatter albedo (SSA) from 0.851 to 0.803 with a mean 
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 value of 0.832. The AIP is larger during winter (warming period in northern China), especially for 
Shenyang site, owing to coal-burning increase. The AIP during summer is usually smaller. There are 
different variation trends in AIP and SSA. Over Harbin site the AIP (respectively, SSA) has an 
evidently increasing (respectively, decreasing) trend during 1993-2001. Over Zhengzhou site, the AIP 
has an increasing trend during 1993-1995 but evidently decreasing after 1997.  
(4) Characteristics of scaling height of tropospheric aerosol and its mean extinction coefficient 
profile    
Characteristics of seasonally/yearly mean scaling heights and aerosol extinction profiles over 11 
sites in China during 1994-2001 are analyzed.  
It is found that the aerosol scaling heights over different sites are very variable. The yearly mean 
scaling heights changes between 1.30 (Shenyang) and 2.67km (Wuhan). The aerosol scaling heights 
for different seasons are also very variable. The heights during spring are larger for all sites, especially 
in northern China, due to Asian dust storm events. The 11-site-mean yearly-mean aerosol scaling 
heights change between 1.85 and 2.11km during 1994-2001, being close to MODTRAN rural aerosol 
scaling height (2.04km), and they have an increasing trend with the yearly increasing rate of 0.031km, 
implying a shifting-up trend of aerosol particles in the troposphere.  
The yearly-mean tropospheric aerosol extinction coefficient profiles are very variable for different 
sites. Shenyang is the capital of Liaoning province, a heavy-industry center in China. Here the aerosol 
pollution in the near to surface atmosphere is relatively more serious, resulting in the larger surface 
aerosol extinction coefficient and then the lower surface visibility. Another characteristic of aerosol 
extinction coefficient profile over the Shenyang site is its stronger decrease with an increase of the 
height. The Geermu site locates over Qinghai-Tibet Plateau, having the sea level of 2808m. Here, the 
surface visibility is usually larger than 30km; the surface aerosol extinction coefficient is relatively 
smaller, there are relatively more aerosol particles in the upper troposphere, especially during spring. 
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